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Hyperons, et al

Production Mechanisms
OBE vs Quark Mechanisms

Spectroscopy
Baryons and Mesons

NN — Strange sector

Hyper nuclei

FSI and scattering

Isospin violations

Many body & media modifications

Weak Interactions

Al = % rule decays

CP violations

F}Qa k[,f-q
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Jhe AHadron;e Physics

Copics discussed i, hese Workshops exteny over
a wide Tange :

e Proton Exclugive Sc.:alfenhs and

.- Hypernuclean Physics

.- Baryon Spectroscopy

- Rare N decays gnd Symmel'ry Tests
.- Light Quark Spectroscopy

- Charmoniym Sped:rosco[oy
- CP Viclakion

+ Exotic Meson and Gluebaj Searches

The range is +oo wide. T w;jf herefore only discyss
@ select few. The choice is ShricHy personq].
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/' NN — Qfmnoqc S\cr/?‘o"

The Baryon-Baryon Interaction

S=0
NN Data NN. OBE Short range
\ Description Models
NN Potential Description
S= -1, -2
NN OBE
Description
L su(s)
NA, 2N
YN Hypernuclei AA Short range
Scattering OBE Models

!

AN
NZoAA

L 4 ia"‘""[" /V/V (/c‘.frr'p/c'&lc e COU"(‘/?/I"' -‘:_Aﬁ AA

Fran ki



TOTAL CROSS SECTION (mh)

POOI" cx:tf-f‘ng_ )/N c/a.fqr

I.o -1’

, |
I'awl'ej

k|

1 1 1

Iy I'l

200 A0 400

200 __A0o0 __4ann

H
200 00 . A

Do

MaV/
ntl Vi)

from Dover & Feshbach Ann.Phys.198(90)321



Use 2 GeV K fue ¢ CPs
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Fig. I A schemasic drawing of 1 liquid hydrogen and the CDS, Typical

evenls are alco
displayed in the figure: (a) clasie Kanening =°p — T, (b) reaction

Zp—AA.
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Spectroscogy

Light Mesons

Glueball sector very active

. Scalar Glueball Mixed States
' Crystal Barrel f(1500), etc
Need theoretical guidance

T ey

. Hybrids with Exotic Quantum Numbers
BNL E852 ¢ ——
18 GeV/c pion beam N

1370 MeV/c2 JPC = |-+ ; i

PRL 79 (Sep. 97)
(+NPR, CNN, Pittsburgh Post Gazette...)

. Tensor Glueball
£(2230) now confirmed at BES

nOt seen in pp  (PS185, Crystal Barrel)

AGS E924_ D. Hertzog et al
When will it be done?

Frn. l({h',



THE GLUEBALL STORY

¢ One of the most unique predictions of

Therefore, GLUEBALLS (g8, geg)
But,

QCD is that gluons bind.
must exist if QCD is trye.

WHERE ARE THE GLUEBALLS?

o Lattice gauge calculations predict that the two lightest glueballs
are:

Sealar (0*+): M(0++)

=16+01GeV,T = 0.1 GeV
Tensor (2++): M(2++)

=23101GeV,I =7

¢ Good experimenta] candidates now exist for the scalar glueball;
fo(1500) by CB, f1(1710) by IBM.

¢ Beijing has proposed that the newly rejuvenated

§(2230), T ~ 20 MeV

is an excellent candidate for the tensor glueball.

_ _
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T]TC PWA Natural parity exchange

G¢M

IBI7%£2 , T2 127 £3 Mey ex0hcl M- I37O £60,I= 3BSe4

'
¥

L

- Phase Difference, rad
o -

-
i

:




FUTURE PLANS —

’ K
2150
I)(' 1N2(2150) E i
TCO
e =+1; | K™*(890), K;*(1430)
e=-1; | K", Kj(1270)

: - & :

) A

‘Narrow’ Strangeonium Hybrids* -

s54+g=>I1=0

M ~ 2150 MeV and " ~ 200 MeV

IG JPC  state Decay L [(MeV)

0- 17— ¢2150) KK; D 20
KK, S 185
0— 2t— hi(21s0) KK3 P 90
KK, P 100
ot 2—+ g(2150) KK3 S 100
RKL D 20

*F. E. Close and P. R. Page, NP B443, 233 (1995)
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FROM R. KUNNE et o).
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~ TRE JOMOIp GCCOMETRY WAS CHOSEN ANO
CIXCQ. T WNCLVD &V AN )DéAL PRoo, SUT

ONLY NALF TNE ¢ pccermmuce.
NO CORRECTION (oIS wERE wCLLDEW.

- A2y WAS CHOSEN TO ENWE ¢ ~ 002 GeyYe®
-~ FITS WERE INCLVDEYD For de/dri., AND P

A MONTE CARLO [PROCRAmM EENERATED
Ncomng p 2 TSP Ar/PF
X/ cm 3SrPOT Si2E€
X Fmred OIVERGCENCE
SCRTTELL )G IO cm Ky TRRCET

Qing, &

TRAJTECTDRIGE WSRE NUMERIZALLY INTEELRTEY
THROVEMH THE BROID FIELY.

GO0Y EVENTS D TRATETTORY 5ABS WITHMN)
2 cm RADIUS oF DeEAM
2S5 om LENETR
AT TME ExPERIMENTRL TRLEE

-~ ABTYST AR 7O MAXIMI2E L0O0D EYENTXI

RESVLTS . < PP ~ 0,2

-~y
CINTENSTY) ~ 2X)0 ree
InZamINg B



| /I'HO KM OfF PP MELASVREM GN?:

* THERE ARE 5 NN ELpsTc Amm.nwae_s-
BNO Two /S0SP/N STRTES, R 20 SpPi
PRARRMETERS mMvsT Be MERSVRED »H>
ERACH ANSLE + GNEMEY Fonr A FriL
AMPLITVDE DETERMINANION,

¢ WITH TMIS pBepm rnvo 4 POLARIZED
PROTEN TRREET, CAN MmERSVRE

'; Cmv, C.ss, Cu., Cse ,"o'p-p F/’, An

USING QUASIELRASTIC SCLATTERING FrRom A
POLARIZED DevrzrIVm TRREET, THEN
Covio messvre

’, C:wf, Css, Cu.) Cous F Ay »n

o NOTE MEASVREMENTS WITH NevTROMS WiLL
BE MBARIER BECARVUSE OF Low pe&rgeron

CFFICIENCIES ANYD LARGE DETECSDR
votvmes ﬂéaweeo,

b OTHER REACTIONL CoviLD 86 MEASVRED '
SIMVLTRNGOULSLY

PP""'JT??, L3
ACLLRP), a0, C5p)



“Hadronic” Physics

Vast multiplicity of topics
- You probably worked on some of this once...
you were young
it was the sixties
everybody did it

Most could be profitably pursued at FMC front end

Most don’t require the high flux
- they are mainly just looking for a home
- they need good beams and detectors
some could be just brought from other labs

Some exceptions, where Aux is necessary
- e.g. polarized p’s



SEARCH FoR CPT VIoLATIoN

and.
STubY OF CP VIOLATION IN

THE K  SYSTEM

Steve SchAnetzen
Rutgers

Tests of CPT
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The CPT Experiment
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\Weth Moon Collidenr
Frent - Encd

Use 10 GeV K+ Bea.m

o ( pu->Kk*0) [ perrocev; K'=25 GeV]
e (puart)[ peieGev; K =10 Gev]

= [

= sx0 p/spill
S Q)r/o’gf/.s

Afcd'f-éa.hce Some what peduced

l),“ becomes hane
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K>7vy and the Unitarity Triangle
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E787

Search for K+ — 7w and related processes
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Progress in K* = w*vv

Single Event Sensitivit
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K+t — atvi event
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e Probability for the event to be one of the known backgrounds

is very low.



K™ = ntup: from E787 to FMC Front End

How we think we’re doing lately:
Max spill, double year (to 30wks):
Reduce beam p, use wvi2 :

Go to MCFE (d.f. 0.73 = 0.9):
Further reduce beam p:

Drop e from 7= = ¢ :

30 wecks = 45 weeks/year: |
Speed up vetoes:

Reduce Ap, increase geom. acc.:

Better beam/tgt instrumentation:

Improved stopping cntr technology:

Notes -
Background ~ 10% of signal
Maximum proton flux = 375 TIP/sec

2 x 10710 /yr

6 x 10~ /yr

2 x 10~ /yr

1.7 x 1071 /yr
1.3 x 107 /yr
9.5 x 10712 /yr
6.4 x 10712 /yr
3.2 x 10712 /yr
2.5 x 10712 /yr
1.6 x 10712 /yr

1.0 x 10712 /yr

15TP

50 TP
100TP
25TP /sec
50TP /sec
50TP /sec
50TP /sce
100TP /sec
300TP /sec
300TP /scc

300TP /sce



Detector for K7 — v

¥ valc
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Goal is ~ 100 events with S/B > 10
Strategy s to get as much information as possible:

- measure Pr- by microbunching 1GeV/c beam

measure <y angles as well as energies and times
Large (asymmetric) aperture beam at 45°
Large geometric acceptance
v angles measured in ~ 1.57.0. preconverter/calorimeter
Scifi calorimeter

Hermetic veto, including in the beam



Expected background levels

1. K — n%%° (the main background)

o Contributes at 10% of SM prediction (detailed MC).
10-3(BR) x (10~%)%(x%) x 0.05(kinematics) x 6(4Cs)
=3 x 10712

e Reliable estimate of the background using
2 independent cuts (7 and kinematics) like E787.

2. Other backgrounds are negligi‘ble at the AGS.

e K; — w0707 (Vertex,7)

e K1 — n~etv (Kinematics, Charged veto)
o Accidentals (Vertex, TOF)

¢ (= —)A — nn¥ (Low energy K;)

e n interaction (Vacuum, TOF, Low energy)

Process Modes studied Main |events
K; — i 70
K| decays (¥) 7070 707070 w0y 7970 7
Ki— 7y Y 7Y 0.04
K| decays (chrg) LGN SITASTR o n-etv | 0.01
K decays (3, chrg) | ntn~ w0 7 Fuy, 7t lFpnlatn=y | ata— 7" | 0.003
Other decays A—n, K- -7 7% St - a0 A — x'n] 0.03
Interactions n, Kr, v n—7%| 05
Accidentals n, K, v n, Kp,v| 03




K7 — m%p: from E926 to FMC Front End

Nominal estimate of E926: 1.2 x 10712/yr 50TP

MCFE: Comfort factors/d.f.=0.9: 1x1072/yr 50 TP /sec
Longer beam
Filter
Tune angle/aperture

Shorten decay volume, smaller beam:5 x 10713 /vt 200 TP /sec

Better time response, double rate: 3 x 10"13/yr 375 TP /sec



T-violating u polarization in K 113

T-violating u* polarization in Kt — uty, ~0in SM

Predicted to be finite by many non-SM explanations of CP-violatior

15-year old BNL experiment gives IPE | < .009 at 95% c.lL

KEK E246 plans to improve this by 2 1 O.M.
and now propose to move experiment to the AGS in 2000

goal is to reach APy =3.5x 1074

Proposal for new BNL experiment to take this to 1.5 x 10—4

In multi-Higgs model can to be compared to:

Measurement Value Pf <
my ~ M mp ~ ZmW
dn <1.2x107%e —em (95% c.l.) 0.064 0.064
de <L7x107%e —em (95% c.l.) -
¢ (1.5 +0.8) x 10~3 : -
Amye (3.510 + 0.018) x 10~%eV - -
B(b — sv) (2.32+0.67) x 10~* 0.08 0.02
B{b — Xr1v) (4.08 £ 0.98) x 1072 0.009 0.009

PYin b Xru

239

0.0013

0.0013

MHM effect that induces |PI| = .00015, will give |PZ| ~ 2.5%
- still far too small to be seen until well into 21st century

Bottom line:

K experiment will still be uniquely sensitive




e J. J. Sakurai in 1958 proposed the tests of Time reversal in
Kp3 decay.

s Experimental measurements:

Sensitivity to T-violation Parameter Im(E)

g t 1T ' LR B I LN B I | ' LI I I LI L] U=
E = =
(o} L -
i [ et N
£ L K K* _
= 1
c 10 —
b = e =
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K on Br(3 — 7vX) i
_ (3-DM) i
K* or"ud K °
10 L ' o KEK E248
.3
10 3
= [m] —
a AGS £923 3
_I I | ' L1 1 i l 1 1 11 l L1 11 I L 1 1 1 7

1960 1970 1980 1990 2000 2010

* Recent theoretical interests:
M. Leurer, PRL 62(1989) 1967
G. Belanger and C. Geng, PRD 3434(1991)2789
R. Garisto and G. Kane, PRD 32(1991)2038
Y. Grossman and Z. Ligeti, Phys. Lett. B347(1995)399
G. Wu and J. Ng, Phys. Lett. B392(1997)93
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K3 Polarization Experiment, Baseline Design
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[System | Rate (MHz)
CHi 48
CH2 48
CH3 48
SR1 3.8
SRC 1.0
SR2 2.0
SR3 1.3
SZ1 0.5
SZ2 03 -
SR4 1.1
Calor. > 0 CL 5.6
Calor. > 3CL 0.61
Polarimeter 2.5

Table 3: Singles rates in the detector elements for an incoming flux of 2 x 107 K* particles
per second. The calorimeter rates are for at least 1 cluster (a group of adjacent hits) above 75
MeV and at least 3 clusters above 75 MeV. The polarimeter hit rate includes both stopping
and through-going particles.
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Kaons

FMI K — nv exps. optimized for high energy
- very hard to adapt to FMC front end

BNL K — 7vi exps. easy to adapt
- some progress “free”
- but these techniques may not surpass FMI CXPS.

Some goals of CPT experiment could be pushed at FMC
- beam may lend itself to other uses

K13 T-violation experiment fairly well matched to FMC
- possibly do P-viol. p pol. in KT — 7 pupu



Conclusions

If you build it, they will come
- but, do you really want them around?
- well, maybe if they are willing to pay.

Can the muon collider afford a beam switchyard, etc.?
- could tap the stretcher fund.
- more likely only a few experiments.

Clear niche for certain very Interesting experiments
- e.g. T-violating p polarization in K u3

Could be a lot more than this, if other projects falter
- prospects very scenario dependent

Best experiments in mature areas
- could make some progress with recycled detectors
- but considerable investments needed for big gains
- Case or two where a new threshold may be crossed
€.g. strangeness exchange beam of K

Commitment of machine availlability a must!
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